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ABSTRACT

Recent changesin the context of trangportation planning have increased the importance of regiona
transportation andysis methods. In particular, the Clean Air Act Amendments of 1990 set forth
requirements for detailed planning and andysis which gpply to many states and metropolitan areas. This
Manudl, prepared for the National Association of Regiona Councils as part of NARC's Clean Air
Project, was designed to help transportation planning agencies, including metropolitan planning
organizations, state departments of trangportation, and other entities, respond to the issuesraised in
carrying out trangportation modeling for ar quality planning efforts. The Manud reviews trangportation
modding today, focusing primarily on travel demand forecadting asiit is practiced by regiond agencies,
and suggests srategies for responding to specific analysis needs and for overcoming common problems.
The emphasisis on identifying issues which MPOs should consider in reviewing their modes, and on
recommending sound options for addressing such issues in accordance with loca objectives and
resource availability.
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PREFACE

Recent changes in the context of trangportation planning have increased the importance of regiond
trangportation andysis methods. In particular, the Clean Air Act Amendments of 1990 set forth
requirements for detailed planning and andysis which apply to many states and metropolitan aress. This
Manua, prepared for the National Association of Regiond Councils as part of NARC's Clean Air
Project, was designed to help transportation planning agencies, including metropolitan planning
organizations, state departments of trangportation, and other entities, respond to the issuesraised in
carrying out transportation modeling for air qudity planning efforts. The Manud reviews transportation
modeling today, focusing primarily on travel demand forecasting asiit is practiced by regiond agencies,
and suggests strategies for responding to specific analysis needs and for overcoming common problems.
The emphasisis on identifying issues which MPOs should consider in reviewing their modds, and on
recommending sound options for addressing such issuesin accordance with local objectives and
resource availahility.

The Manud was prepared by Deakin, Harvey, Skabardonis, Inc. (DHS) with funds provided under a
contract with NARC as wdll aswith DHS internd funding. DHS Principas Greig Harvey and Hizabeth
Deskin led the effort and are the Manua's senior authors. DHS Principd Alex Skabardonis and
associates Henry Pancoast and Rachel Weinberger provided support for the effort. Severd
subcontractors aso helped shape the Manual: Cambridge Systematics (Earl Ruiter, David Reinke, John
Suhrbier), COMSIS (David Levinsohn), Dowling Associates (Rick Dowling, Steve Colman), Gary
Hawthorn Associates (Gary Hawthorn), Parsons Brinckerhoff Quade & Douglas (David Atkins, Bruce
Douglas), and Ann Stevens Associates (Ann Stevens).

Whileit isdifficult to identify individua contributionsin acomplex document such asthis, Greig Harvey
served as lead author for the Manua, developing its outline, overseeing its development, and writing or
editing the entire text, with specia focus on Chapters 3 and 5. Elizabeth Degkin drafted Chapters 1 and
4 and made magjor contributions to Chapters 2, 3, and 5. Gary Hawthorn prepared an initia draft of the
Clean Air Act materidsin Chapter 2. Rick Dowling and Steve Colman prepared an initid draft of
severd sections of Chapter 3 and developed examplesfor useinthetext. Earl Ruiter and Dave Reinke
provided materias on auto ownership models, speed calculations, and travel surveys for Chapter 3,
Dave Levinsohn provided input on TSM anadysis, and Alex Skabardonis contributed materials on speed
edimates in traffic assgnments. Ann Stevens prepared the first draft of the glossary, and Henry
Pancoast and Rachel Weinberger assembled the bibliography and organized the materids received from
MPOs. David Atkins, Bruce Douglas, and John Suhrbier al contributed to the development of the
outline for the Manud, as did those who later authored portions of the text.

Readers will note that the level of detail varies considerably by topic, especialy in Chapter 3. Resource
congraints on the preparation of the Manud dictated a synthesis of available materids rather than
origina work and did not provide for as extensve are-write of some sections or as thorough a
treatment of some topics as might be desirable.



Severd of the topics covered in the Manud are in a gtate of flux (e.g., analys's procedures for
conformity determinations). Asaresult, the Manua is being provided in loose leaf notebook format, to
facilitate periodic revisons and updates.

Readers suggestions for changes to the Manua are welcome and should be directed to the principa
authors and NARC. Addresses and telephone numbers are as follows:

DHS NARC

P.O. Box 9156 1700 K Street NW, Suite 1300

Berkeley, CA 94709 Washington, DC 20006

510/841-0438 202/457-0710
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NOTICE

The contents of this report reflect the views of the authors, who are responsible for the facts and
accuracy of the data and information presented herein.  The contents do not necessarily reflect the
officid policy of the Nationd Association of Regiona Councils, or of the U.S. Environmental Protection
Agency, the U.S. Department of Transportation or its operating administrations.

Neither the National Association of Regiona Councils nor the United States Government endorses
products or manufacturers mertioned herein. Trademarks or manufacturers names appear herein only
because they are considered essentia to the objectives of this document.

This report does not condtitute a standard, specification, or regulation. It does not supplant or
supersede officid guidance of the United States Government, nor does use of its contents rdieve any
party of its obligations or responsibilities to meet any governmenta requirements.

CHAPTER 1. INTRODUCTION
1.1 Purpose of the Manual

Recent changes in the context of transportation planning are increasing the importance of regiond
trangportation analyss methods. The Clean Air Act Amendments of 1990 (CAA), for example, set
forth detailed requirements which apply to numerous metropolitan aress, including provisions for
estimating trangportation emissons and eva uating the conformity of transportation plans, programs and
projects to the State Implementation Plans (SIPs) for attaining air quality standards. In order to meet
CAA requirements, many metropolitan planming organizations (MPOs) will need to monitor growth
rates, track vehicle miles of travel, and forecast the impacts of trangportation optionsin more precise
and quantitative terms than have been necessary in the past.!

! In addition to metropolitan transportation organizations, State departments of trangportation, local
governments, and other entities are responsible for modding, and this Manud isintended for their use as



While CAA requirements may pose the most immediate chalenges, the Intermodd Surface
Trangportation Efficiency Act of 1991 (ISTEA) aso increases the importance of good data and models.

ISTEA assgns more responsbility for trangportation planning and decison-making to regiond agencies
and grants them greeter flexibility in the use of funds. At the same time, ISTEA mandates efficient,
effective trangportation systems management and investment decisons and, in particular, cdlsfor
metropolitan regions to address concerns about traffic congestion and air quality. Strategic, policy-
driven decisontmaking is to be supported by better information and analys's, specific management
systems are required and the funding for planning is increased.

In many cases state and local considerations further underscore the importance of good data and
andysistools. Some regions see growing public interest in trangportation as a means for economic
development. Other regions are experiencing increased public attentionto the environmentd effects of
transportation, as well as growing public concern over trangportation's longer term impacts on growth
and development paiterns. While the specifics of these issues vary from region to region, they share the
common effect of focusing attention on regiond agencies forecasting capabilities and the extent to which
these tools can provide meaningful responses to the questions being posed.

Recognizing that the emerging planning context is placing new demands on regiond transportation
planning and analys's, MPOs have begun to review and, where necessary and feasible, to upgrade their
andydgstools. For many, thisis an important opportunity to implement long-desired improvements.
Advances in the basic understanding of travel demand, and in the development and application of land
use and transportation forecasting technologies, were made in the 1970's and '80's, but only afew
MPOs had the resources at the time to implement these advances. With new mandates and new
resources, many MPOs now can enhance their andlysis cagpabiilities by pursuing both data collection and
model development.

Regardless of whether major updates to regional models and data bases are deemed necessary,
however, many MPOs are finding that the new planning context calls for new approachesto anayss.
For example, link-level speeds take on far more sgnificance in an emissons analyss than in the typica
regiona transportation application. Instead of adjusting speeds to obtain reasonable volumes, as many
practitioners have done in the past, it may be necessary to devote additiona resources to detailed link
descriptions and to model calibration. The evauation of certain transportation control measures
(TCM9), eg., Sgndization and ramp metering, may require the use of traffic operations models as
supplements to or in combination with regiond network models. Other TCMs may require more
quditative analyses, or andyses based on empirica evidence from applications. Measures dependent
on factors which are usualy not included in regional modelsfdl into this latter category: for example,
non-monetary incentives (e.g., flexibility in work hours) granted to those who use dternative modes, or
time-of-day pricing on toll facilities and parking designed to shift trips off the pesks. In short, new

widl.



procedures for andysis as well as additiond kinds of data and methods will be required to meet the
analysis needs of the 1990's.

The purpose of this Manud isto provide guidance on the issues to consder in responding to these new
andysis needs, and especidly in carrying out trangportation modeling for air qudity planning efforts. The
Manud reviews the state of trangportation modeling today, focusing primarily on travel demand
forecasting asiit is practiced by regiond agencies. It identifies and discusses modeling and andysis
requirements resulting from the CAA and ISTEA, and suggests strategies for responding to specific
andysis needs and for overcoming common problems. Findly, the Manud identifies directions for
future modding improvements, including research and development.

The Manua has been designed to:

» explain the purposes for which regiond travel modds are likely to be used in the next decade,
with an emphasi's on the requirements of transportation - ar quality planning;

* suggest aset of criteria by which model performanceislikely to be judged in key gpplications,

» list the principa technica and procedura characteristics necessary to ensure acceptable model
performance in each type of gpplication;

» provide examples of good practice for each mgjor element of the modeling process, recognizing
the ways in which practice must vary to suit local conditions (e.g., regiond Sze, resource
avalability, ar pollution severity);

» provide examples of advanced practice,

» discussthelikely direction of change in the Sate-of-the-art, to help MPOs anticipate new
andytica requirements over the next decade.

The Manua was developed under the auspices of the Clean Air Project of the National Association of
Regiona Councils (NARC). It greetly benefitted from the input of MPO staff aswell as state and
federa agency representatives and academic experts. A conference on modeling practicesheld in
Crystd City, VA, in November 1991, attended by nearly 100 regiond, Sate, and federd officids,
academics, and consultants, set the direction for the development of the Manua. At that conference,
participants had the opportunity to engage in a series of in-depth explorations of the andys's issues and
concerns raised by the CAA and ISTEA, aswell as by state and locd transportation mandates and
initiatives. Through these discussions, the key issues to be addressed in the Manua were identified, and
topics of particular concern were noted. Additional meetings with NARC working groups and a
technical advisory committee established specificaly to guide the development of the Manud aso
provided for detailed review and discussion of the Manual's content.

While the Manua suggests methods and procedures for the conduct of transportation-air quaity
modeling under the 1990 Clean Air Act Amendments, it does not attempt to set standards for modeling.
Nor in particular does it describe a sngle modeding approach for dl MPOs or recommend specific
pieces of software. Instead, the emphasisis on identifying potentia problem areas which MPOs should
consder in reviewing their modds, and on recommending sound options for addressing such problems.
The Manud is based on the premise that good practice should be designed to respond to the key issues
facing the areafor which the andyssis being done. Since such issues vary from place to place and over



time, modding practice aso should be expected to vary. Furthermore, the modeling practice for a
particular area should condtitute arealistic use of available resources, and hence will tend to vary with
the sze of the region and with the severity of the air quality problem, among other factors - induding
local concerns about transportation and its socid, economic, and environmenta impacts.

1.2 Plan of the Manual

This Manud is organized in five chapters, induding thisintroduction. The coverage of theremaining
chaptersis asfollows:

Chapter 2, The Emerging Context of MPO Analys's, discusses key issues in trangportation-air
qudity planning, notes other key MPO anadlysis needs, and provides an overview of the Clean
Air Act provisons of greatest concern to transportation planners.

Chapter 3, Current Analysis Practice, presents an overview of typica approachesin current
use, then discusses key modd components in detail: basic concepts, data and assumptions, and
methodologies. Specific topics covered include economic and population forecasts and land
use alocation modds, network descriptions and models; vehicle ownership modds; trip
generation, trip distribution/destination choice, mode split/mode choice, pesking factors'time of
travel, and traffic assgnment/route choice; modd interrelationships; and off-modd analyses.
Mode development and application issues, and use of models and supplemental methods to
produce emissions estimates, also are discussed.

Chapter 4, Matching Anadlyss Tools with Analysis Needs, covers key Clean Air Act mandated
data collection and anayses, including the basdline emissons inventory, VMT tracking, and
VMT forecasting. The chapter also discusses assessment issues raised by various TCM
measures (ridesharing, trangt, traffic engineering, pricing, time of travel measures; land use and
urban design palicies; other), and discusses data and anayses needed in plan, program, and
project-level conformity assessments.

Chapter 5, Looking to the Future, identifies topics that are likely to require greater attentionin
the coming years. The chapter discusses MPO resource needs, data requirements; high-payoff
mode improvements; and research priorities.

Appendices to the Manual present a glossary of terms and adetailed bibliography.

CHAPTER 2: THE EMERGING CONTEXT OF M PO ANALYSIS

In the past two years, a broad set of developments has drawn attention to the strengths and weaknesses
of regiona trangportation models. In virtudly every case, questions have arisen not because of a
mode's failure to perform acceptably in conventiond studies, but because of difficulties in extending the
scope of travel demand andlyss. Debates over regiona trangportation policy have expanded to include
arange of questions about long-term investment policy: Whether or not to invest in certain aress,
whether to focus on highways or emphasize transit, what to expect from demand management, and so



on. Trangportation models, as tools of the trade, are looked to for reasoned and reliable information on
the policy issues transportation decision-makers face.

Transportation-air quaity planning is akey areawhere heavy demands are being placed on
transportation models, but other policy debates and investment opportunities dso call for modelswhich
can capture both the effects of broad strategic aternatives and the specific impacts of proposed
projects. In this chapter abrief overview of transportation-ar qudity planning andyds requirementsis
presented, followed by an outline of other andlysis needs which point to the desirability of mode
improvements. The chapter ends with amore detailed review of the requirements of the Clean Air Act
Amendments of 1990 (CAA) related to transportation.

2.1 Transportation-Air Quality Planning Analysis Requirements. An Overview

Clean air legidation has been amgor source of renewed interest in (and concern about) regiona
transportation data and models. These data and models will play important roles in mobile source
inventory preparation and updates and mobile source emissions monitoring and tracking. The dataand
models aso will be key to trangportation control measure (TCM) analyses and to evauations of the
conformity of transportation plans, programs, and projects to the State Implementation Plan (SIP) for
attainment of the Nationd Ambient Air Quality Standards (NAAQS) for ozone (03), carbon monoxide
(CO), oxides of nitrogen (NOx), and particulates (PM 10 - particulate matter of lessthan 10 microns).

2.1.1 Mobile Source Inventories

Emissions inventories will be akey determinant of the emphasis on transportation activitiesin air quality
planning, since the updated inventories will be used to establish the rdative contributions, current and
projected, of mobile sources and stationary sources,-as wdl asto help identify and evauate potentia
control measures. Although emissions inventories can be prepared in various ways, most mobile source
emissons inventories will draw upon regiona modds and data.

In order to assemble inventories of mobile source emissions, accurate information specific to each
regior? is needed about the nature and extent of vehicular travel. Mobile source inventories must be
produced for calendar year 1990 (the base year), for the projected attainment year, and in some cases
for one or more yearsin between. Items on which inventory estimates are based include the following
(the MOBILE emissons factor modd promulgated by the US Environmental Protection Agency (EPA)
and the EMFAC software used in Cdifornia vary as to the specifics):

2 Here, the term “region” generaly refersto ametropolitan area (asin “regiona council”.) Federal
agencies aso use the term “region” in some contexts to refer to amulti- ate area; that usage does not
gppear in this document.



*  Vehide-milestraveled (VMT) - the number of miles traveled by vehicles of various types,
preferably for each link of the highway system (or at least for each grid cell in aregiond
photochemicd digperson mode!).

» Speed - the average speed for vehicles on each link in the highway system. For many anayses
thisis needed by time of day.

» Vehideflegt characteridtics - the number of vehicles of each type “garaged” in theregion. The
vehide types include various categories of light-duty and heavy-duty vehicles, by age and other
characterigtics.

* Vehidetrips- the number of trips originating and ending in each geographic subarea, grid cdl or
zone (needed for EMFAC).

While default estimates are available for many of these items (usualy based on nationa or Seate
averages), regiond travel surveys and outputs from regiond travel models are frequently used to help
prepare the emissons inventory. The base year inventory may be estimated directly from traffic counts
and other avallable data, but projections of future year inventories are difficult without the aid of a
regiond travel modd. In practice, base year inventories are often developed in whole or in part from
mode runs aswdll, because of the limitations of centraly available traffic datain many urban aress.

More refined emissions estimates could be prepared using data from travel moddls. For example,
running emissions, comprising up to half of the volatile organic compound (VOC)® and CO mobile
source output, are proportiona to miles traveled, with per-mile rates that vary sgnificantly with speed.
Start-up emissions (both cold start and hot start), comprising about haf of the CO inventory and one-
third of the VOC inventory for mobile sources, occur in the first severd minutes of vehicle operation;
hot soak emissions occur when the vehicle is turned off at the end of thetrip. The count of garaged
vehides determines the localized output of diurnd VOC emissons. All of these dements of the mobile
source emissions inventory can be estimated from data taken from travel surveys and models.

Current research by EPA and the California Air Resources Board suggests that two other factors may
be a sgnificant portion of VOC and CO running emissions, and hence may need to be accounted for as
wdl:

»  Occurrences of high acceleration - the average duration and number of ingtances of high
accderaion (such as might occur & afreeway ramp metering light) in each grid cell.

*  Occurrences of extended idling and delay - such as might occur on congested highway
segments or at toll booths - by link, or by grid cell or zone.

Most transportation models currently do not explicitly account for these occurrences (microscopic
traffic operations smulation models are the exception), but in the future such details may need to be
taken into account.

21.2VMT Edimation and Tracking

% In Cdifornia the term reactive organics (ROG) is commonly used.



In future yearsthe VMT estimates on which plans are based will be compared to “actud” VMT
estimates derived from fidd studies or other sources. The Clean Air Act Amendments provide much
incentive for an MPO to develop the most religble VMT (and other) data and forecasts it possibly can.
Over-predictions of VMT and other travel indicators will lead to overestimation of the need for
emissions controls. Under-predictions could result in difficulties in making conformity findings and
achieving ar qudity progress gods, which in turn could trigger aneed to apply drastic mitigation
measures when problems become apparent (possibly more extensive and expensive than additiona
controls would have been at the outset).

Current guidance from EPA (US Environmenta Protection Agency, 1992a) calls for data from the
Federd Highway Adminigtration-sponsored Highway Performance Monitoring System (HPMS) to be
used in estimating current VMT - though at the present time in some areas there are too few sample
counts for this data base to be wholly reliable and dternative methods will be applied instead of or in
addition to usng HPMS data. Forecastswill in genera be based on growth rates derived from regiona
travel models.

A mgjor concern is that past model-based projections of VMT, trips, and vehicle ownership have
tended to be low. For example, trends datain some regions indicated VMT growth of 3-4 percent,
while models predicted VMT growth of only 1-2 percent. In addition, errors often have been
concentrated in fast-growing parts of the region (typically the suburbs) and among certain categories of
traveler (in particular, women.) Thishasled air quality agenciesto seek a better understanding of travel
forecasting methods and their performance, and to ask for assurances that the sources of past errors
have been understood and corrected. Periodic comparisons of traffic counts and other measured data
with forecasts are expected to provide a basis for modd evaluation, problem diagnosis and correction.

Instead of refining modd- based estimates, an dternative would be to Smply base VMT, trips, and
vehicle ownership estimates on extrapolations from past trends. However, using extrapolaionsin air
quality planning and modd- based estimates in other aspects of the transportation planning process could
lead to awkward divergences in estimates (unless transportation mode results were adjusted to agree
with trend projections). This could entaill some risk for an MPO. In addition, model-based projections
of growth can take into account numerous details concerning changes in the compasition, location, and
magnitude of population and employment, whereas most extrapol ations are much smpler and hence
much lessrich in ther reflection of factors underlying posited changes. Thus modd improvements
designed to improve forecasts of VMT and other travel indicators seem the preferable route to most
andyds, even though such improvements may be rdaively costly and time- consuming.

2.1.3 Conformity Analyses
The conformity provisons of the Clean Air Act Amendments will pose one of the biggest challenges
most metropolitan trangportation organizations will face in trangportation-air qudity planning and

andyss. Both federd actions and certain activities of the MPOs themselves are subject to the
conformity provisons, which basicaly require that plans, programs, and projects must conform to the
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goplicable State Implementation Plan (SIP) for achieving clean air, and must be found not to lead to
new violations of the National Ambient Air Quality Standards, exacerbate exiging violations, or interfere
with attainment of the standards or compliance with interim emissons reduction requirements.

The conformity provisons focus a spotlight on modds credibility in estimating medium- to long-run plan
and program impacts. For example, under the interim guiddines for determining the conformity of
trangportation plans and programs to SIP assumptions and commitments, the MPO is required (among
other things) to compare the full Trangportation Improvement Program (TIP) for the non-attainment
areawith ano-build scenario. Once arevised SIPis gpproved, the comparison will be to motor vehicle
emissions estimates and necessary reductions contained in the SIP. Both types of andyses are likely to
be subjected to close scrutiny by environmenta and other interest groups, who will seek a
demondtration that al phenomenawhich plausibly could affect such a comparison have been taken into
account.

2.1.4TCM Analyses

Under the CAA Amendments of 1990, only the more heavily polluted metropolitan areas are required
to include trangportation control measures (TCMs) in their SIPs (see Section 2.3). However, many
other areas are required to include TCMs under state law (e.g., Cdifornia nonattainment areas), or will
do so by choice after considering the available pollution control options. 1STEA further encourages the
condderation of TCMs and related strategies. Asaresult, estimates of TCMs effectiveness will be
sought by numerous regions.

Theincluson of TCMsin regiond transportation modeling has often proven to be a complex matter.
Capita investments which aso happen to be TCM s (such as trandgt extensons or HOV lanes) generdly
can be adequately represented in regional modd systems, but many other TCMs (e.g., rideshare
incentives offered in some corridors only, trangt subsidies available only in some areas or to some
users) are likely to place heavy demands on regiond travel data and models. Moreover the typical
regiond model is unequipped to handle a plethora of TCMSs, including Sgnd timing, ramp metering,
elements of employer-based demand management programs, many land use and urban design
measures, and (sometimes) pricing strategies.

Evidence from avariety of TCM implementation experiences has been compiled as abassfor initia
screening of TCM's, and smple sketch planning methods sometimes embody this evidencein
goreadsheets. While these methods are useful if carefully gpplied and thoughtfully interpreted, the use of
“transfer of experience” gpproaches to justify TCMs has proven vulnerable to challenges, for example
by business groups that are unhappy about proposed employer-based requirements and by
environmenta groups distrustful of benefits claimed for added HOV lanes and traffic flow
improvements. Hence MPOs may find that they ether will have to extend the behaviora reach of their
models (e.g., by adding explanatory variables that are relevant to TCMs) or will have to find ways of
grafting credible off-modd (or supplementary model) estimates of TCM impact onto conventiond
mode results.
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2.2 Other MPO Analysis Needs

Clean Air Act transportation anadysis requirements are pressing, but they are not the only (or perhaps
even the mogt critical) forces for change in regiond travel modeling. Other developmentsinclude the
fallowing:

Provisons of the Intermoda Surface Transportation Efficiency Act (ISTEA) permit much
greater state and local discretion in alocating funds between trangt and high-ways and among
levels of the highway sysem. Thiswill intensfy the concern over how well modds capture the
long-run effects of distinctly different infrastiructure aternatives - on travel time and cost, and on
location patterns - particularly for comparisons between trangit- oriented and highway-oriented
programs.

Congress has broadened the scope of citizen suits under the Clean Air Act, and for the firgt time
the US Secretary of Transportation can be alegd target. Thereis reason to anticipate that
shortcomings in meeting the analysis requirements of the Clean Air Act may result in legd
actions againgt MPOs and other entities which gpprove dlegedly “deficient” plans -
environmenta groups have aready put severa agencies on notice to this effect.

Computer work station technology has brought travel demand andlysis within reach of groups
outsde the traditiond trangportation planning community. For example, environmenta groupsin
Boston, Los Angeles, Portland (OR), and the San Francisco Bay Area have shown an interest
in developing independent transportation modding capabilities. While, conceptudly, it might be
good to have competing andyses of difficult policy questions, competing models will present
problems for MPOs unless it can be shown that “officiad” MPO modes are equaly or more
current, comprehensive, and accurate.

Increasingly, concerns are raised about whether project-level analyses are consstent with the
andyses conducted at theregiond level. A typica question might involve whether project
assumptionsin an environmenta document agree with assumptions made in the earlier TIP
andyss. Because of differencesin anaytica and reporting detail between project analyses and
regiona model system andyses, it can be quite difficult to determine this. In particular, facilities
often are not represented in enough detall in the regionad model system to support clear
determinations of project consstency. This hasled to pressure for greater detail in regiona
networks (and more careful and disaggregate reviews of accuracy), so that most facilities of
loca import aso will be found on the regiond system with plausible volumes and speeds.

All of these developments suggest that it would be prudent for MPOs to review their andlysis
capabilities and make improvements where warranted. Such an exercise can be expected to reves
many legitimate issues that cannot be resolved at the current state-of-the-art or with available resources.
Thus, the result of areview islikdly to include a program for immediate action with existing resources, a
program for longer-term action with enhanced resources, and a program of research. The short-term
programs might be undertaken by each individua MPO, whereas the longer-term actions and research
efforts might be ajoint effort of MPOs with pooled resources and/or federal and State assistance.
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2.3 Review of Clean Air Act Transportation Requirements

Asthe overview of transportationtair qudity planning analyss requirements hasilludrated, the Clean Air
Act Amendments of 1990 affect trangportation planning in avariety of ways. Because of the importance
of thislegidation for many MPOs, adetailed review of key provisonsis presented in this section.

2.3.1 General Provisions

The Clean Air Act (CAA) Amendments of 1990, like the Amendments of 1970 and 1977, rely on a
combination of localy-developed State Implementation Plans (SIPs) and federally mandated controls
for attainment of nationd ambient air qudity standards for ozone (0s), carbon monoxide (CO), oxides of
nitrogen (NOy), and particulates (PM 10) by statutory deadlines. However, the 1990 Amendments
greatly expand and add specificity to the requirements for ozone and carbon monoxide nonattainment
areas. They dso establish for the firgt time deadlines which vary with the pollutant and the severity of
the pollution problem, with later deadlines but more extensive requirements for the more polluted aress.

Titles| and 1l of the Clean Air Act set forth air pollution prevention and control and emissions sandards
for moving sources, respectively. Among other things, Title | establishes the process for designating and
classfying nonattainment aress; authorizes EPA to determine nonattainment area boundaries; defines
nonattainment area classfications, establishes deadlines and requirements to maich the severity of
pollution; sets forth plan development procedures and review criteria; and defines criteria and schedules
for imposing sanctions (highway and emission offsets) and for promulgeting Federd Implementation
Plans (FIPs).

Title I directs the federd government to require a variety of mobile source controls, including tighter
hydrocarbon, carbon monoxide, and NO tail pipe emission standards to be phased in for cars and
trucks beginning with 1994 models; reduced new-car evaporative emissons during refuding; more
tightly controlled fud qudity (e.g., controlled for volatility and sulfur content); mandated re-formul ated
gasoline (beginning in 1995) for the most severdly polluted 0zone nonattainment areas; oxygenated fuels
during winter months for areas designated as Moderate or Serious for nonattainment of carbon
monoxide standards; and aclean fue pilot program for Los Angeles. Trangportation planners will
depend, to avery large extent, on the emissons reductions which should result from Title Il programs,
and will follow the provisions of Title | to develop such other measures as may be needed to meet the
ambient air quality standards by the applicable deadlines.

Sections 110 (Implementation Plans) and 172 (Nonattainment Plan Provisions In Generd) of Titlel
cover requirements which gpply to al nonattainment areas State Implementation Plans. These sections
of the Amendments set forth objectives and procedures for SIP adoption and revision, and require
enforceability and timely implementation of control measures.

Section 110(a)(2) dates that each implementation plan shall:
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include enforceable control measures and schedules for compliance necessary to meet the Act's
requirements.

provide necessary assurances thet the state (or generd purpose loca governments or regiond
agencies) will have adequate personnd, funding, and authority under state and loca law to carry
out the implementation plan (and is not prohibited by any provison of federd or sate law from
carying out the implementation plan.)

provide necessary assurances that, where the state has relied on alocal or regiona government
agency for the implementation of any plan provision, the date has responsibility for ensuring
adequate implementation of such plan provison.

meet requirements for intergovernmenta consultation and participation in plan development, and
for enhanced public natification on pollution and hedth, public avareness of control measures,
and public participation in regulatory actions.

Section 172© requires that nonattainment areas SIP revisions must:

provide for the implementation of al reasonably available control measures as expeditioudy as
practical.

require reasonable further progress (RFP) - defined as* such annua incrementd reductionsin
emissions as...may reasonably be required...for ensuring attainment of the...standard by the
applicable date.”

include contingency measures to take effect without further action by the state or EPA, if the
plan fails to make RFP, or to attain the standard by the applicable attainment date.

Other provisons of Title | establish due dates and ddliverables. Thetime alowed for the first mgjor
submissions under the 1990 Amendmentsis short. Updated emission inventories, including current and
projected mobile source contributions to total emissions, were due in November 1992. Revised SIPs
aso were due in November 1992 in CO nonattainment areas (at the same time as the updated
emissonsinventories), and in November 1993 for ozone nonattainment aress. These plans must include
control measures as needed to demonstrate attainment by the applicable deadling(s).

Beyond these tight initid deadlines, the Amendments emphasize a continuous transportation-ar quaity
planning and decision-making process. Updates of state and local planning procedures, renewals of
assgnments of responghbility, and provisons for involvement of elected officids are mandated.
Nonattainment areas must periodicaly assess VMT, vehicle trip levels, congestion, and emissions, and
based on their findings must prepare SIP revisions as needed to offset emisson levels which exceed
those assumed in the SIP. EPA's Transportation-Air Quality Planning Guiddines are to be updated as
necessary to maintain a continuous planning process, and must include methods for reviewing planson a
regular basis. Determinations of the conformity of trangportation plans, programs, and projectsto the
SIP must be made not less frequently than every three years, with revisons to trangportation proposals
as needed. Findly, the U.S. Department of Trangportation (DOT) and EPA must submit areport to
Congress every three years beginning in 1993, assessing how well federa, state and loca air quality-
related trangportation programs are achieving the gods of, and compliance with, the Clean Air Act.
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2.3.2 Emissions I nventories and Emissions Budgets

One SIP revison activity of critical interest to trangportation agencies is the determination of emisson
reduction targets for trangportation. Based on the updated emissions inventories, the respective
contribution of gtationary and mobile sources to tota emissions and pollution levelswill be determined.
Thiswill result in an “emission reduction budget” being assgned to mobile sources, i.e, to the
transportation sector.

Emission reduction budgets will indicate the cleant up burden that will be placed on transportation plans
and programs, as well as the extent to which transportation control measures (TCMs) will be needed.
Also, gaying within this budget will be one of the tests of transportation plan and program conformity
with the SIP. If unredigticaly large emission reduction targets are assgned to transportation sources
and placed in the SIP, conformity demongrations will be difficult to make; without such demondrations
of conformity, projects could be delayed or stopped. Thusit isin the best interest of transportation
agencies, including state DOTs and MPOs and interested loca agencies, to participate in the evauation
of relative emission contributions and the needed mix of sationary and mobile source controls.

2.3.3 Trangportation Control Measures

Trangportation control measures (TCMs) are required only for some nonattainment areas and for some
circumstances under the 1990 Amendments. Otherwise the choice of whether to use TCMs and what
TCMsto useis discretionary with state and locd officias, aslong as the overall set of control measures
can reduce emissions to show attainment by the applicable deadlines). Nevertheless, many areas will
need to andyze arange of TCMs, as many are likely to need to implement at least some of themin
order to meet interim milestones aswell as ultimate deadlines.

Metropolitan planning organizations will play akey rolein andyzing TCMs and in recommending which
ones should be included in the SIP. MPO roles are further underscored by the Intermoda Surface
Trangportation Efficiency Act (ISTEA), which gives MPOs increased responsibility for and control over
the programming of projects within their boundaries, and in nonattainment areas provide specid funds
for TCM implementation (congestion management/air quality funds).

Once TCMs are adopted in an gpproved SIP, their timey implementation will be akey criterion in
future conformity determinations. If TCM implementation does not proceed on schedule, conformity
demondtrations could be difficult to make, with the result thet projects requiring federa approval or
assistance could be delayed or stopped.

EPA has issued severd documents to asss in the planning, andysis, and implementation of TCMSs,
including an update of its 1978 Trangportation-Air Qudity Planning Guiddines as well asinformation on
the 16 TCMsligted in Section 108 (Cambridge Systematics et a., March 1992). These documents can
serve as vauable garting points for MPOsin deciding how to proceed with TCM evauation.

15



The TrangportationAir Qudity Plaming Guideines produced by EPA cover planning and programming
activities necessary to respond to CAA transportation requirements. Developed with input from US
DOT and state and locd officids, this document's primary purpose is to provide guidance for the
planning and implementation of transportation measures needed to achieve emisson reductionsin
accordance with CAA requirements. The guidelines include information on how to:

* identify and evduate dterndive planning and control activities,

» review planson aregular basis as conditions change or new information is presented;

* identify funds and other resources necessary to implement the plan, and obtain interagency
agreements on providing such funds and resources,

» assure participation by the public in al phases of the planning process;, and

* cary out acontinuous planning process.

The TCM information documents provide genera guidance on the emisson reduction potentia of each
type of TCM, discuss other benefits and costs of TCMs, and identify implementation issues. This
information is intended to serve as asarting point for TCM evauation. It is not, however, a substitute
for locally-conducted analyses of TCMs, nor for local consultation on various measures acceptability.
State and locd trangportation and air quality officias must determine what measures are * reasonably
avalable’ (i.e, are cost-effective and feasible) in their urban area based on the characteritics of the
region's trangportation systems, its population and employment characteridtics, its ingtitutiona and
financid capacities, and community responses to the various proposas.

2.3.4 Conformity

Section 1760 of the CAA requires departments, agencies, and instrumentalities of the federa
governmert to assure that activities which they engage in, assist, pprove, fund, license, or support in
any way are in conformity with applicable State Implementation Plans. Similar requirements gpply to
metropolitan planning organizations in gpproving projects, programs, and plans. EPA, with DOT's
concurrence, is responsible for promulgating criteriaand procedures for demongtrating and assuring
conformity.*

The CAA datesthat conformity to a SIP means conformity to the plan's purpose of eiminating or
reducing the saeverity and number of violations of the National Ambient Air Quadity Standards, and that
activities will not cause or contribute to a new violation of any standard, increase the frequency or
Severity of an exiding violation, or delay timely attainment of any sandard or interim milestone. In
addition, transportation plans and programs can be found to conform only if: (1) emissons from such
plans and programs are cons stent with emissions projections and reductions assigned to those
trangportation plans and programsin the SIP, i.e., are consstent with the emissions budgets or targets;

* EPA and DOT issued interim conformity guidance on 6/7/91. Fina guidance, due 11/15/91, was
under review & the time of thiswriting.
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and (2) the plans and programs provide for timely implementation of SIP TCMs consistent with SIP
schedules®

2.3.5 Sanctions

Sanctions for failure to comply with the CAA, including the withholding of funds for certain highway
projects, were an option under the 1977 Amendments, but EPA imposed these sanctionsin avery
limited fashion. For example, since 1980, EPA imposed highway sanctionsin just seven dtates, and in
five of these gtates the sanctions were gpplied to just one urban area. Moreover in three of the seven
dates, the sanctions were in effect for less than two months; in two others they werein effect for less
than two years. Overdl, few highway projects were ddayed and few federd highway dollars were
withheld.

Highway sanctions may increase in importance under the 1990 Amendments. First, because certain
other sanctions were ddeted, highway funding restrictions could become the primary sanction available.
Second, highway sanctions can now be gpplied statewide under certain circumstances. Third, while
sanctions formerly were gpplied only when an area failed to submit, or make reasonable efforts to
submit, a SIP, sanctions now may be triggered when EPA disapproves a SIP or a ate fails to make
any submission required by the Act or implement any provision in an gpproved SIP. Moreover,
highway sanctions can be imposed for failures not related to transportation or mobile sources (e.g., for
falures related to Sationary source measures). Finaly, EPA discretion in determining when to impose
sanctions has been reduced, with the Amendments making more explicit the criteria that could result in
highway funding restrictions and prescribing ardatively limited ligt of projects that can be exempted
from sanctions (high occupancy vehicle (HOV) incentives, single-occupancy vehicle (SOV)
disncentives, and congestion relief measures.)

2.3.6 Specific Requirementsfor Ozone Nonattainment Areas

> Conformity determinations differ in the interim period (until a SIP revision is approved) and
theresfter. In the current, interim period, plans and programs must show expeditious implementation of
TCMs and contributions to annua emissons reductions; projects must come from conforming plans
and programs and, for projects in CO nonattainment areas, iminate or reduce the severity and number
of CO violationsin ther vicinity. Once SIP revisions are gpproved, conformity will be based on
cons stency with the area-wide trangportation emissions budget for the area plus TCM implementation.
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Specific requirements gpply to ozone nonattainment area SIPs, in addition to the general SIP
requirements described earlier. Deadlines and other requirements are based on the severity of ozone
pallution.® Requirements are cumulative and escalate in stringency by nonattainment area classfications
as the severity of pollution worsens. The six classfications, corresponding design vaues, and attainment
dates are asfollows:

Classification | Design Value (PPM) | Attainment Date
Margind 121 -.138 11/15/93
Moderate 138 - .160 11/15/96
Serious .160 - .180 11/15/99
Severe 1 .180 - .190 11/15/05
Severe 2 .190 - .280 11/15/07
Extreme .280 and above 11/15/10

Basad on the information available at the time of thiswriting there are 42 areas classfied as Margind,
31 classfied as Moderate, 14 as Serious, nine as Severe, and one as Extreme for 0zone nonattainment.

Areas with thewordt air quality must implement the greastest number of and the most stringent controls.
For example, areas classfied as Moderate must require Reasonably Available Control Technology
(RACT) for gationary source controls on new and existing 100-ton sources of volatile organic
compounds (VOC) (not covered by EPA Control Technique Guidelines); Serious areas must require
RACT on 50-ton sources, Severe areas must control 25-ton sources, efc. Emissions from new sources
are subjected to increasingly more stringent offset requirements, ranging fromal.1to 1 offsetin
Margina areasto a1.5to 1 offsat in Extreme areas. Vehicle ingpection/maintenance programs smilarly
must be more rigorousin the more polluted aress.

An areds classfication aso determines the number and stringency of trangportation requirements,
covering both the planning and programming of transportation control measures imposed by the Act.

® Note that the ozone is not directly emitted but formsin the atmosphere through a photochemical
reection involving VOC and NOy, emissons. Accordingly, the emissonsinventories of concernin
ozone nonattainment areas are for VOC and NOy. States must submit comprehensive inventories of
actua emissonsfrom al VOC and NOy sources in accordance with EPA guidance. The initid due date
for the emissonsinventory is 11/15/92. Updates are required every three years.
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Reasonable Further Progress (RFP) requirements may be among the most difficult for MPOs to mest.
Ozone areas classified Moderate and above must submit SIP revisons by 11/15/93 that demondtrate
the achievement, by 11/15/96, of a 15 percent VOC emission reduction from a 1990 basdline (defined
as an areds total, actual VOC and NO, emissions during 1990.) In addition, emissions due to growth
must be offsat. Reductions from severd federa mobile source control programs promulgated before
the 1990 Amendments were adopted, including tailpipe standards, evaporative emissions controls, and
fuel volatility standards, may not be credited toward the 15 percent reduction.

Lessthan a 15 percent 1990- 1996 reduction would be acceptable only if the 1993 SIP revisions (1)
implement new source review requirements gpplicable to Extreme aress, (2) goply RACT to dl exiding
magor sources, (3) implement al measures that can be feasbldy implemented in the areg, in light of
technological feashility, and (4) demondrate that the plan contains control measures achieved in
practice by smilar sources in nonattainment areas of the next higher classification.

Additiona RFP requirements apply for those areas classified as Serious or worse. A SIP revision due
11/15/94 for such areas must demondtrate an additional VVOC reduction of 3 percent annually, averaged
over each consecutive three-year period after 1996 until atainment. This RFP requirement dso
excludes mgjor federal mobile source control measures promulgated prior to 1990. However,
reductions from federal measures promulgated after 1990 could be credited toward the annud 3
percent reductions required after 1996. Reductions of less than a 3 percent annua average can be
dlowed only if conditions (3) and (4) listed above are met.

Neither the required reductions nor the aternative conditions are expected to be easy to meet, and
many aress are likely to need to implement TCMsto meet RFP requirements.

The scheduled emission reduction requirements gpplying to Serious, Severe, and Extreme ozone
nonattainment areas are caled milestones. The first milestone isthe 15 percent reduction from 1990
VOC levels, to be accomplished by 1996; the next milestones are the 3 percent annua average
reductions over each consecutive three-year period theregfter, until attainment is demonstrated (subject
to the options for lesser reductions if other conditions are met, as described earlier.) Areas must
demondtrate to EPA that these milestones have been met. Areasfailing to submit a compliance
demondtration or to meet a milestone must choose one of the following: (1) re-cdlassfy to the next higher
category and implement more stringent requirements, (2) implement additiona control measures from
the gpplicable contingency plan, which could include TCMs, or (3) adopt an economic incentive and
trangportation control program.

Table2.1: TCMsListed in Section 108(f) of the 1990 Amendments

1. Programsfor improved public trangt

2. Redriction or congtruction of certain lanes or roads for use by buses or HOV's

3. Employer-based trangportation management programs, including incentives
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Trip reduction ordinances

Traffic flow improvement programs that achieve emissons reductions

Fringe and corridor parking facilities serving HOVs and trangit

N|o (g &

Programs to limit or restrict vehicle use downtown or in other areas of emission concentration,
particularly during pesks

©

HOV/ridesharing service programs

9. Timeor placerestrictions of road surfaces or areas to bikes and pedestrians

10 Bike storage, lanes, and other facilities, public and private

11 Programsto control extended vehicleidling

12 Programs to reduce extreme cold Sart emissons

13 Employer-sponsored programs to permit flexible work schedules

14 Locdities SOV trip reduction planning and development programs for specid events and mgor
activity centersincluding shopping centers

15 Pedestrian and non-motorized transport facility construction and recongtruction

16 Programsfor voluntary remova of pre-1980 vehicles.

Section 182(g)(4), deding with the consequences of missing VOC milestones, sates that an economic
incentive program may include state- established emission fees, a system of marketable permits, feeson
the sale and manufacture of products the use of which contributes to ozone formation, and incentives
and requirements to reduce vehicle emissions and vehicle miles-traveled in the areg, including any of the
transportation control measures identified in Section 108 (f). Revenues from such a program are to be
used to handle adminigtrative costs (not more than 50% of tota revenues) and/or to provide emission
reduction incentives and assst in the development of lower-polluting control technologies and products.

Milestone requirements may trigger TCMsin areas classified as Serious or worse.” Section 182(c)(5)
of the 1990 Amendments states that beginning in 1996 and every third year theresfter, such areas must

’ Asnoted earlier, TCMs are required only for some areas and for some circumstances under the
1990 Amendments. Areas designated as Margind or Moderate for ozone nonattainment are not
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submit a demongtration as to whether current aggregate vehicle mileage, aggregate vehicle emissons,
congestion levels, and other relevant parameters are cons stent with those used for the ared's
demondtration of attainment. If levels are found to exceed those projected in the attainment
demondtration, a SIP revison must be submitted within 18 months to reduce projected emissionsto
levels conggtent with those in the attainment demondtration. Such a SIP revison must include
trangportation control measures including, but not limited to, measures selected from those listed in
section 108(f) (Table 2.1).

Probably reflecting concerns about TCMss, the Amendments indicate that in selecting TCMs states
should ensure adequate access to downtown and other commercia areas, and avoid measures that
increase or relocate emissons and congestion rather than reduce them. This language aso appearsin
the section for Severe aress.

TCM requirements apply earlier to areas classfied as Severe or worse. For these areas the 1992 SIP
revisons must identify and adopt transportation control strategies to offset emission increases dueto
growth in VMT and vehicle trips, to achieve, in combination with other controls, the required periodic
emisson reductions, and to demondirate attainmen.

Employer Trip Reduction Programs aso are required in Severe areas and must be included as part of
the areas 11/15/92 SIP revisons. Thisisthe only TCM whose implementation is specificaly required
in the 1990 Amendments. At aminimum, employers with 100 or more employees must implement
programs to reduce work-related employee VMT and vehicle trips, and must increase the average
vehicle occupancy of employee work trips by at least 25 percent above the area average. Employer
plans, due by 11/15/94, must “convincingly” demongtrate compliance by 11/15/96.

Aress classfied as Extreme nonattainment for ozone must implement al the trangportation requirements
for Moderate, Serious, and Severe areas. In addition, each SIP revison for Extreme areas may contan
provisions gpplicable during heavy traffic hours, to reduce the use of high polluting or heavy duty
vehicles, notwithstanding any other provision of law. Note that the language is permissive, i.e, the use
of such measuresis discretionary. Currently, only Los Angelesis classfied as an Extreme ozone
nonattainment area.

specificaly required to consider TCMs. However, many such areas are likely to utilize TCMs as
emissions reduction srategies because the RFP requirements will be difficult to meet without TCMs,
because TCMs are required under state law, because TCMs are deemed necessary to fairly dlocate
respongbility for pollution reduction and to efficiently reduce emissons, etc.
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2.3.7 Specific Requirementsfor CO Nonattainment Areas

Two classfications of CO nonattainment areas are defined in the 1990 Amendments: Moderate (design
vaue 9.1 - 16.4 ppm; attainment date 12/31/95); and Serious (design value 16.5 ppm and up:
attainment date 12/31/00). Moderate areas are divided into two sub-classes, with those having a
design vaue greater than 12.7 ppm required to undertake more stringent measures.

Inventories of CO emissions from al sources are required at the same time as the VOC and NOy
inventories, 11/15/92. Updates are required every three years thereafter, beginning 9/30/95. By
11/15/92, Moderate CO nonattainment areas must submit a SIP revision showing the specific annud
emission reductions necessary for attainment of the CO standard by 12/31/95. However, SIP revisions
for dl CO nonattainment areas with a design vaue over 12.7 ppm must contain forecasts of VMT for
each year until attainment, and must provide for annuad updates of forecasts and annud reports
containing estimates of actud VMT and an assessment of VMT forecast accuracy. The 11/15/92 SIP
revison aso must provide for the automatic implementation of specific measuresif “actud” VMT
exceeds the VMT forecasted, or if an area misses the attainment deadline. These contingency measures
are to take effect without further action by the state or EPA, and thus will require advance planning.
(Note, however, that for most areas EPA expects that the Reasonable Further Progress (RFP)
requirement to be more of a condraint than the offset requirement.)

Required mobile source controls for CO nonattainment aress are: 1) oxygenated fuels of at least 2.7
percent oxygen content during high CO season (design value of 9.5 ppm or above, SIP revison due
11/15/92); 2) enhanced I/M (design vaue above 12.7 ppm, SIP revison due 11/15/92); and 3) clea+
fuel vehicle fleet programs (design vaue above 16 ppm, population greater than 250,000, SIP revison
due 5/15/94). TCM requirements for Serious CO areas are Smilar to those for Severe ozone aress.
By 11/15/92, aress classified as Serious for CO were to have submitted SIP revisons that identify and
adopt trangportation control strategies, with implementation of such measures as necessary to
demondtrate attainment. These transportation Strategies must offset growth in emissions due to growth
inVMT and vehicle trips. Additional documentation, not required for Serious 0zone aress, is required
for Serious CO areas. their November 1992 SIP revisons were aso required to 1) explain afalure to
adopt any section 108 (f) measure, 2) contain dternative control measures providing comparable
emission reductions, or 3) explain why such reduction is not necessary for attainment.

Aress classified as Serious further must submit a demongration by 3/31/96 showing that the emisson
reduction specified in the 1992 SIP revision and required by 12/31/95 has been achieved. If the
demondtration is not submitted or the milestone is missed, a SIP revison must be submitted within nine
months which implements an economic incentive and trangportation control program and achieves
annual emission reductions needed for attainment by 2000 or sooner. Note that the economic incentive
and trangportation control program is mandatory when the milestone is missed by a Serious CO
nonattainment area, whereas 0zone areas that miss a milestone can choose one of three options.

The considerable emphasis put on reducing CO emissions via transportation actions reflects the fact that
CO emissons come mostly from mobile sources. However, states and MPOs il will need to
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determine what mix of strategieswill best match its specific CO problems. Since CO concentrations
typicaly arelocdized rather than region-wide, TCMs which focus on “hot spots’ may play asignificant
role.

CHAPTER 3: CURRENT ANALYSISPRACTICE
3.1 Introduction

This chapter describes the trangportation analysis and travel forecasting methods that are in current use
in regional modeling applications across the country. The chapter begins with a generd overview, or
“prototype”’, of current practice. It then looksin more detall a each of the key stepsin modeing
metropolitan travel phenomena. Acceptable approaches in widespread use among MPOs and other
agencies with modeling responsbilities are reviewed, and advanced practices used by some MPOs are
presented. Practices that are not recommended or that are recommended only, perhaps, as stopgap
approaches are noted.

In many ingtances practice varies with the particular issues facing the region: for example, the importance
of trangt, the level of congestion prevalent in the highway network, the degree of concern about growth,
the complexity of urban and regiona development patterns. Such variation is desirable, reflecting a
focusing of attention and resources on the key congderations requiring analyss.

On the other hand, some of the variation in practice is Smply the result of differentid commitments of
resources to the development and upkeep of andlysis capabilities. In some regions, data sets and
models have been evauated thoroughly, updated regularly, and used innovatively. In other regions,
funding and gaffing levels have been insufficient to carry out periodic data collection and mode updates.
As aresult, these MPOs have only sparse and aging data bases, and their analysi's capabiilities have not
kept up with advancesin the professon. Some have had to resort to ad hoc “fixes’ to produce
plausble analyss results. In light of Clean Air Act and ISTEA analys's requirements, MPOs are likdly to
find continued use of old data and outmoded modelsincreasingly untenable. This chapter isintended, in
part, to suggest current norms and to encourage al MPOs to modernize their practices.

Throughout the chapter, aternative modeling gpproaches which can be matched to particular
circumstances are noted. Data requirements and data sources also are discussed. Because of the

importance of travel surveysin supporting model development as well as more wide-ranging andyses, a
find section of the chapter focuses on survey practices and issues.

3.2 A Prototype of Current Practice

This review and discussion reflects upon “conventiona modding practice’. Sincethereis, infact, a
wide range of practice in evidence, it will be hepful to clarify what is consdered prototypicd for the
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purposes of thisreport. A brief overview of this prototypica modding approach is depicted in Figure
3.1 and is discussed below.

Conventiona travel demand andysis follows a straightforward behaviora paradigm based on
knowledge and experience accumulated over the past four decades. In this paradigm, travel demand is
derived from the daily activities of individuas and businesses. The god of andysisisto infer from the
gpatid distribution of activities the amount, type, and location of travel that a population will undertake.
Regiond travel forecasting requires. 1) gathering avery large number of data inputs at the lowest
prectica level of aggregation; 2) obtaining plausble forecasts of data inputs such as population, income,
and fud price; 3) developing modelsto accurately represent travel behavior; 4) and applying the models
to the forecasted data inputs to produce useful forecasts of future travel patterns. Good modeing
results can be achieved only if both the input assumptions and the technica methods used are adequate.

Travel demand andysis relies on knowledge of where individuas, businesses, and other places of
activity are located (or will be located). In the case of forecadts, thisistypicaly donein severd steps.
economic growth (basic employment) is estimated, then population growth stimulated by those jobsis
estimated, then popul ation-serving employment and attendant population increases are estimated. The
resulting jobs and population (or households) are then alocated to smal areas, or zones, of the region
(typicdly, based on aggregations of census blocks, or in some cases, tracts.) Information on household
income, business characteridics, and existing and planned land uses may be used to guide this effort.

Travel demand analysis aso requires knowledge of the resources available to households and
individuas in making their daily activity and travel decisons. Of particular importance are household
auto ownership and household or worker income (projected into the future, in the case of forecasts).
Here, estimates are developed from survey data or federa and state records and projections.

A third requirement is knowledge of the performance of the transportation infrastructure available to
eech travder. Thisinfragtructure is described as networks of facilities through which trangportation
sarviceis provided: networks are built to represent peak and off-pesk conditions on key highways,
trangt, and (in some cases) HOV facilities; rarely, bicycle and pedestrian facilities are represented in
additiond networks. Highway networks typicaly include limited access facilities, arterids, and
(sometimes) collectors, but few if any loca access streets. The network is described as a system of
links and nodes. So-cdled “dummy links’ are used to represent the average travel times from the
centroid of the zone to the network, and hence account in aggregate terms for the portion of the
network not specificaly modded.
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Figure3-1: Conventional Regional Travel Models

The population and employment forecadts, alocations to zones, and transportation networks become
the inputs or “givens’ in the demand modeling process. They are used in conjunction with a set of
models of travel behavior which, together with the abstracted demographic, economic, and
infrastructure data, produce predictions of travel demand.

In nearly every gpplication, the travel demand models are built using data from surveys of a sample of
households. The surveystypicaly gather demographic and economic information for each household,
plusatravel diary recording al the trips each household member made during the survey period
(generdly one day.) The survey data are used to estimate the coefficients of a hierarchy of models that
mirrors a supposed hierarchy of behavior by travelers. Trips are separated into severa purposes (such
as home-work/work-home and home- shop/shop-home), and each purpose receives separate modeling
treatment.

The dements of this hierarchy of travel demand models are commonly caled “steps.” In thefirst step,
the trips likely to originate and terminate in each zone are caculated (“trip generation”). For example, in
the case of home-work/work-home, the number of work trips attracted to a zone is given by the
predicted number of employeesin that zone (as determined by the economic/demographic forecasts
mentioned earlier). The number of work trips produced in azone is determined by the adult population
of the zone and the propensity of adults to be employed. The most common form of trip production
modd is a cross-classfication table which provides average work trip ratesfor, say, different ranges of
household income and different household Sizes (exact variable definitions vary greetly). Sometrip
production models employ regression equations it to the local survey data. Some, moreover, consider
only vehicle trips (not person trips), while others separate vehicle trips from person trips through
additiond steps.

In the second model step, trip productions and trip attractions are matched to yield afull spatia pattern
of trip-making (“trip distribution”). This can be thought of either in collective terms (e.g., job
opportunities are matched with resdentia locations) or in household terms (househol ds choose work
places based, in part, on proximity to home, choose residentia |ocations based, in part, on proximity to
work, or consder both smultaneoudy). Thetypicd trip distribution modd represents interzond travel
volume as afunction of trips produced in the origin zone, trips atracted to the destination zone, an
gpproximate measure of the “cost” of travel between zones (usudly the highway travel time), and the
comparative attractiveness of competing zones. Because the relationships underlying trip distribution are
quite complex and the models used are rudimentary, modders usualy find it necessary to introduce a
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number of adjustment factors (called “K factors’) to achieve acceptable modd fit. Thesefactorsare
retained when the modd is used in forecadting.

In the third mode step, interzond travel volumes (differentiated by trip purpose) are split among the
available modes of travel (“mode split”). Inthetypica case, trips made by vehicles have been
separated from the total flow of personttripsin one of the earlier steps, and the mode split model
focuses on mgor vehicular modes only. The mode split usually is depicted as a choice (“maode choice’)
based on the traveler's persond characterigtics, dollar costs of travel, and various components of travel
time, with different weights depending on the quditative character of each time component. Mode
choice modds are without question the most econometrically sophisticated elements of conventiond
travel demand andysis, with the vast mgority employing at least a multinomid logit form, and with some
venturing into more eaborate nested logit or probit forms.

At this stage, the andlysis has produced an interzona trip table for each mode and trip purpose. These
tables now are rearranged to create new trip tables to represent each time period for which the andyst
wishes to study the traffic performance of the infrastructure: Mode- and purpose- pecific pesking
factors based on cdculations from the home-interview survey, or occasondly factors developed
through a pesking modd, are gpplied to estimate the number of trips of each type that will be made
during the peaks and off-peak. Typicd time periods are am peak, p.m. peak, and mid-day. Additiona
adjustments may be made to capture the unique conditions of particularly congested corridors (e.g.,
flatter pesks under highly-congested conditions).

In the fourth (and usudly find) travel demand modeling step, tripsin the mode- and time-pecific trip
tables are assgned to pathsin their respective infrastructure networks (“traffic assgnment.”) Theimplied
network performance (i.e., interzond time characterigtics) is cal culated based on the volume expected
on each link. The assgnment dgorithm typicaly assumes that each traveling party will attempt to
minimizeitsindividud cost (“generdized cost™) for each trip. Some gpproaches iterate over a number
of partia assignments to capture the way that congestion can build at different rates in different parts of
the system; the resulting assgnment is unlikely to be atrue “equilibrium,” but is consdered adequate
when theiteration steps are small enough. Other gpproaches calculate equilibrium directly.

Thereisan obvious tautologica character to the conventiona four-step travel demand modeling
process: the trip distribution and mode split stages depend on estimates of interzonal travel time, yet
definitive estimates of travel time are not available until the end of the calculation process (after
completion of traffic assgnment). Andydts handle this recursive relaionship in different ways. All begin
with an esimate of the travel time matrices, for instance by loading a factored version of the most
closely comparable trip table onto the highway network. Trip distribution and mode split then are
performed with the gpproximate travel times. The resulting trip tables are loaded onto the networks,
and new trave time matrices are computed. The initid and fina travel time matrices are compared, and
the presence of only minor differences is taken to indicate that equilibrium conditions have been
satisfied.
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Itisin the event of a significant difference that practice tendsto vary. Some andydts iterate through trip
digtribution, mode split, and traffic assgnment severa times until trip tables and travel time matrices
gtabilize, under the assumption that consstency of travel times throughout the model systemisalogica
expectaion. Othersiterate only through mode split and traffic assgnment. The latter approach often
has its basis in resource congtraints and outmoded software rather than in any compelling theoretical
judtification, athough some analysts argue that current trip distribution models are so approximate in
their representation of spatid relationships that they can hardly support an andysis of margind travel
time effects.

The entire andlysis procedure is dependent on a supportive ensemble of software. Some andysts il
use mainframe programs such as the Urban Transportation Planning System (UTPS), which can require
ahigh degree of hardware familiarity and programming skill.

Others have switched to one of the workstation or PC versions that replicate and, to some degree,
augment the functiondity of the old mainframe software (MinUTP, Tranplan). Still others have chosen
from among the software packages that attempt to fully exploit the features of the workstation
environment (EMME/2, TransCAD, System 2). The graphica capabilities of the workstation
environment have smplified the problem of network and database maintenance, but it remains true that
the mechanics of carrying out dl of the steps of a conventiond modeling exercise require subgstantia
andysstime.

Characterigtics of the conventiona modeling gpproach that have generated particular criticism include
the fallowing:

* networks are often too sparse, or are described in too little detail, to accurately represent
transportation supply

* mode split and traffic assgnment are often treated in arecursve framework with feedback and
gpproximate equilibration, but the feedback loops only sometimes extend to trip distribution

» dmilar feedback loops do not extend to trip generation, to auto ownership, or to the pattern of
activity location in the region, athough theory would suggest that each would be affected

» timeof travel and pesking are tregted in highly approximate ways

* route choice and bility are often defined in terms of travel time rather than a broader
measure encompassing cost or other indicators of qudity of service.

In addition, in many conventional modeling approaches, analyses focus on vehicular trips while ignoring
or downplaying trips made on foot or by bicycle, and focus on home-based travel while treating non
home based travel in highly gpproximate ways.

To put this critique into perspective, it isimportant recdl the origin and predominant use of existing

urban travel models. By and large, these models were developed to help size capitd facilities, especidly
highways. In effect, the sandard andys's question of the past might be framed as.
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Given the anticipated level and pattern of travel for the region, how much additional capacity is
needed, and where should it be located?

In recent years, versons of conventiona models have been used for single mode corridor planning. For
example, suppose a decison has been made to implement trandt in a corridor. The primary questions
might be: 1) how much capacity is required? 2) what are the effects of dternate technologies (as
represented by access, walit, in-vehicle, and trandfer travel times and travel costs) on ridership? and 3)
what are the effects of dternate operating plans (frequency, number of stops, etc.) on ridership? Most
andysts have been comfortable assuming that future demographic and socioeconomic conditions, trip
generation leves, trip digributions, and pesking factors will remain rdatively constant among dternatives
under such tightly-congtrained conditions. The primary questions then revolve around intra- corridor
modal competition and route choice. For these questions the conventional modeling approach arguably
suffices.

Use of the models for certain other planning applications can be problematic, however. When
transportation investments ability to shape growth and spur economic activity are key concerns, models
that treat land use and development, destination choice, and vehicle trip generation as unaffected by
transportation levels of service are clearly not helpful. When the policy under consideration would
differentialy price congested facilities and merchants are worried about the potentid for driving avay
shoppers, models which use only travel time and not cost in predicting destination choices will be
unconvincing. Trangportation-air quaity planning raises these questions and others as well - seeking, for
example, the ability to anayze policies that favor walking, bicycling, aternative work schedules, and a
variety of other trangportation demand management srategies, and caling for accurate link-level speeds
in order to calculate emissons. Thus, current concerns about conventiona urban models slem as much
from the changing nature of the problems being posed as from the formulations of the models per se.

3.3 Key Model Elementsin Detail

Each of the following subsections covers akey modding step or model component in greater detail.
The objective of the modeling step or component is presented, needed data and assumptions are
described, and some typica approaches and more advanced practices are discussed, with brief
examples. Particular attention is given to the aspects of the model component having greetest relevance
to trangportation-air quaity planning. A brief summary is presented below.

Economic and population forecasts at the regiona leve (discussed in Section 3.3.1) are often taken
from federd or state sources, dthough afew areas do their own projections. The most common
practiceisto use Sate or federd estimates of the region's growth. Some regiond agencies develop their
own population and employment forecasts as a check on the federal/state estimates, or as the basis for
dternative estimates or scenario testing.
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Forecasts of land use and devel opment patterns (Section 3.3.2) often are devel oped through
negotiations over locd plans. Some areas use formd land use dlocation models either by themsdlves or
linked to transportation forecasting steps.

Network descriptions (Section 3.3.3) are prepared for highways and transt, typically using the
responsible operating agencies current maps or inventories and their plans for the future. The leve of
detail in which networks are described is amgor source of variation among regions, both asto the
types of facilities represented (in particular, whether al arterids and mgor collectors are included) and
the trestment of specid network features such as high occupancy vehicle lanes, ramp meters, and
intersection movements. The representation of link speed and capacity aso varies greatly among
regions, particularly in the number of capacity classfications and range of speed-volume relationships
included.

Vehicle ownership (Section 3.3.4) typicaly is estimated from survey data using cross-classification or
regression techniques, with income and household size two commonly utilized varigbles. A few areas
model the choice of vehicle ownership leve as afunction of household sze, income, number of workers,
trangt and highway accessbility, etc.

Trip generation (Section 3.3.5) estimates also are commonly based on cross-classification tables or
regressions, with auto ownership and household Size astypica variables. Advanced practice consders
awider variety of variables affecting trip-making, including specific land uses, socioeconomic
characterigtics, and demographic and lifestyle factors. In afew cases sophigticated modding
approaches such as travel frequency choice have been applied.

Trip digribution (Section 3.3.6) istypically carried out usng a*“ gravity” -type modd of spatia
interaction. Some formulations improve the behaviora content of these models by incorporating
detailed descriptors of zond characteristics associated with the production and attraction of trips, as
well as by including both time and cost factors in the impedances. Advanced practice represents this
modding step as “ destination choice’.

Mode split (Section 3.3.7) is nowadays carried out in most areas using choice models that represent
magor vehicular modes (drive aone, shared ride, trangt). Nested logit models for trangt choice have
become common in advanced practice, eg., therail vs. bus choice is nested within the trangt option of
atrangt vs. auto choice, and/or the various transt access modes (walk, drive and park, drop-off, and
sometimes others) are nested within the trangit option.

Peaking and time of trave digtributions (Section 3.3.8) commonly have been derived from counts at key

locations or from travel survey data, an approach which, when used in forecasting, treets these matters

asinsengtive to congestion levels and invariant over time. Post- processor methods have been used to

adjust peaking on specific facilities or corridors in accordance with the congestion levels observed there.
More advanced practice is to develop explicit behaviora models of time of travel.
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Traffic assgnment (Section 3.3.9) frequently utilizesincrementa assgnment methods, though some
regiond agencies have adopted advanced agorithms that estimate network equilibrium directly.
Congderable variation remains in the specification of link impedances (generdized prices) used in these
methods and agorithms, with the more advanced applications utilizing both time 